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Abstract: Background: In the face of changes taking place as a result of the increasing digitization,
automation, and robotization of life and the economy, questions regarding the essence of the
functioning of modern enterprises and about the emerging new pattern of operation seem to be
more and more relevant. Aim of the article: The article focuses on the issues connected with
implementation of Industry 4.0 in enterprises, the difficulties involved, and the limitations and
challenges that management is facing in the process. Materials and Method: The advantage of the
study is its empirical nature. The participants were 39 Industry 4.0 experts from various Polish
companies that have participated. At the same time, the aim has been to synthesize theory and
practice and to draw attention to potential changes in the area of improvement of the economic
results of enterprises that may result from Industry 4.0. Results: The research identified limitations
and challenges enterprises may face in connection with the implementation and subsequent stages
of development of Industry 4.0 from the practical point of view. Conclusions: Industry 4.0 is an
innovative approach to generating a new quality of production. It requires, however, careful and
thorough observation of the process already at the preparation stage.
Keywords: Industry 4.0; implementation of Industry 4.0; limitations and challenges of Industry 4.0
1. Introduction
Industry 4.0 (I4.0) is becoming increasingly important both as a construct and a trend toward
technological changes in industry and the economy as a consequence of digital transformation. It is
often defined by the prism of consolidated modern technologies, which at the same time allow
for convergence between industrial and business components and production models and internal
processes of enterprises [1]. The use of digital technologies and a change in the company’s strategy
assume the possibility of cost-effective personalized production in response to the individual needs of
customers [2–4]. The specificity of I4.0 results from process automation, system integration, Internet of
Things (IoT), Internet of Services (IoS), and the development of cyber-physical systems (CPS) [2,4–8].
These systems merge the real and the virtual world and enable data to be transferred between people
and objects along the entire value chain in real time [7,9].
Smart connections of autonomous, complete structures consisting of machines and self-configuring
real-time production systems are expected to lead to dramatic improvements in efficiency, better resource
management and greater flexibility and adaptability of products and services [7,10], decision-making
efficiency, better risk control [1], and a greater business outreach [11].
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The literature on I4.0 anticipates significant future benefits, most significantly value creation
in many areas that contribute to global sustainable development, including economic, social, and
ecological dimensions [12]. The overall efficiency of industrial value creation is expected to increase,
along with ecological and social benefits, e.g., reduced energy and material consumption, waste
reduction, and adaptive working environments [7,13,14]. In this context, consideration is also given to
the relationship between I.40 and sustainability.
The starting point for I4.0 is the concept of the smart factory (SF), the smart industry (SI),
the smart automation (SA), and advanced manufacturing [4,6]. SF connects the digital world of
information technology with the physical world of operational technologies, which is referred to
as IT/OT convergence [1]. This is the basis for individualized production tailored to the needs and
requirements of consumers while maintaining the advantages of economies of scale [3].
The transformation towards I4.0 is a noticeable phenomenon in many countries, but its range and
intensity vary. In managerial practice, detailed research has not yet been documented to a sufficient
extent, as a comprehensive implementation of I4.0 is still in works [7,12].
In Poland, empirical studies on constraints and challenges relevant to the implementation of I4.0
in companies are scarce. This reflects the relatively low level of I4.0 development despite the increasing
digitization of the economy and industry. At the current stage of development, it is still difficult to talk
about the unequivocal consequences of implementing I4.0. However, it is worth noting the opinions of
researchers and practitioners who outline some emerging tendencies and point to various limitations
at the initial stages of business transformation towards I4.0, as well as to the difficulties, risks, and
challenges that appear after the implementation phase.
The purpose of the article is to present the results of the piloting research conducted among I4.0
experts regarding industry specifics and attributes, issues related to the preparation of companies for
I4.0, including limitations appearing early on in the process, and difficulties arising in the later stages.
The pilot study aimed at collecting data to provide guidelines for future substantive research adapted
to Polish conditions, using observational data to create the right research tool. An additional added
value of the article is the synthesis of I4.0 theory and practice.
It is assumed that these considerations will contribute to a deeper understanding of what I4.0 is
and will draw attention to those aspects that should be taken into account during development and
training stages as well as during the implementation and practice of I4.0.
The article is organized as follows: Section 2 (“Theoretical Framework”) gives a brief overview of
the concept of I4.0, its attributes, and most frequently encountered constraints and challenges. Section 3
(“Materials and Method”) describes the research design and methodology. The main empirical results
are presented in Section 4 (“Results”), followed by a discussion and conclusions in Sections 4 and 5
(“Discussion and Conclusions”). Conclusions concern the main findings along with limitations and
recommendations for future research.
2. Theoretical Framework
The term “industry 4.0” was used for the first time by German scientists in 2011 and referred to the
increasing automation of industrial processes and the connection of the physical world with the virtual
world [2,4]. In the same year it was adopted and then disseminated by the German Government as a
strategy for the development of German industry [4,11,13,15–17]. In the following years, the concept
evolved and began to be used in a broader context as an expression of the so-called fourth industrial
revolution reflecting all the complex technological changes used in organizations [3,4,6]. Currently,
these terms are used interchangeably. However, there is not one universally recognized definition of
I4.0 [6,7]. Analyzing the literature on the subject, it can be seen that the understanding of the term
“I4.0” is based on a combination of interconnected characteristics distinguishing specific practices
in manufacturing and relevant sectors of the economy that result from the use of advanced digital
technologies. The most frequently mentioned technological solutions, which are driving forces or
pillars of I 4.0 and at the same time determine its characteristics, are IoT and IoS, Cloud Computing
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(CC), Big Data Analytics (BDA), additive technology (AT) and 3D printing, autonomous robots, and
Augmented Reality (AR) [7,11,13,15,17–19]. Integrated technologies create a specific ecosystem in
which there is a continuous exchange and analysis of data between various entities, i.e., people,
machines, devices, robots, and sensors in real time [13]. The essence of such transformation is the
mutual interaction of CPS (sensors, machines, workpieces, and information systems) using standard
internet protocols along the value chain outside one enterprise [4,9,20]. This creates completely new
conditions for the functioning of companies and their employees. It gives, among others, the ability to
combine data from external and internal sources to streamline decision-making processes, anticipate
failures, and configure and adapt to changes [21]. It affects the development of digital skills by
improving the integration and management of resources in organizations, promotes risk control, and
promotes a better understanding of the impact of technology on localized production [1]. Acater and
Cruz-Machado [4] draw attention to the technical connection of CPS with production and logistics as
well as the use of IoT and IoS in industrial processes. In this approach, I4.0 appears as an interoperable
production process, integrated, adapter and service-oriented, which is correlated with algorithms and
other advanced technologies [4]. Koch and others [21] in the report of the consulting company PwC
cite the definition according to which I4.0 is understood as (...) a new level of organization and control
over the entire value chain of the product life cycle, (...) focused on the increasingly individualized
demands of customers. The product life cycle length was defined as the period from product design
through development, production, and delivery of the product to the customer, to recycling as the
final phase. Access to relevant real-time information during all the phases was considered as a basic
condition for I4.0.
Wagner, Herrman, and Thiede [3] offer a slightly broader perspective, identifying I4.0 with a
certain industrial vision enabling for the connection of people and things at anytime, anywhere, with
any person and anyone, preferably using any path, network, or service.
Similar approaches have been developing worldwide, so I4.0 can be defined as a real-time,
intelligent, horizontal, and vertical networking of people, machines, objects, and information and
communication systems with the aim of dynamically controlling complex systems [7,8].
Despite the definition discrepancies, the common characteristic attributes of I4.0 can be identified
from various studies. The main features of I4.0 include: horizontal integration through value networks
to facilitate inter-corporation collaboration, vertical integration of hierarchical subsystems inside a
factory to create a flexible and reconfigurable manufacturing system, and end-to-end engineering
integration across the entire value chain to support product customization [22].
The United Nations Industrial Development Organization (UNIDO) [1] points to the following
nine attributes of I4.0: interoperability, virtualization, decentralization, real-time capability, service
orientation, modularity, convergence, cost reduction and efficiency, and mass personalization.
Interoperability is identified with the so-called ubiquitous connectivity [3,5,6] and global communication
using CPS systems—that is, an extensive communication network between physical objects and various
entities, companies, factories, suppliers, logistics, resources, and customers. It can also be understood as
connected value networks transformed into digital ecosystems [19]. Virtualization involves creating a
virtual copy of an intelligent factory (physical world) by combining sensor data with virtual installation
models and simulation models [2]. It also means the possibility of virtual prototyping of products.
Decentralization is associated with high the autonomy of CPS systems, which make their own decisions
and reproduce locally (using 3D) [1,4]. Production systems are connected vertically with business
processes in factories and enterprises, and horizontally with spatially dispersed value networks that
can be managed in real time—from order placement to outbound logistics [1,4]. Real-time capability
refers to instant access to information and key analyses [1] connecting, for example, areas of machine
operation, production volume, product quality, failure rate, and availability of equipment. Intelligent
data are collected and processed throughout the entire product life cycle [1]. Service orientation is
also referred to as responsive manufacturing and corresponds to the so-called personalizing of the
final product, i.e., adjusting production to meet expectations of a customer/consumer, who should
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also be involved in the product design phase. Modularity is understood as flexible adaptation of SF to
changing requirements by replacing or extending individual modules [1]. The convergence results
from the above-mentioned ubiquitous connectivity using intelligent software and instant access to
data and analysis. Thanks to this, barriers of convergence between industries, disciplines, and worlds
(biological, physical, virtual) disappear [1].
The sequence of the above features also includes the expected cost reduction and efficiency
improvement combined with the optimization of flexible supply chains and distribution models, and
the effective use of machinery and equipment [1].
The functions and the expected benefits for enterprises result from the technology used and,
consequently, from the I4.0 attributes. It is believed that the implementation of the I4.0 concept, in
addition to reducing costs and maximizing efficiency, should, among others, increase design and
production flexibility, improve accuracy and product quality, reduce operation time, improve resource
allocation and material management, enable appropriate control of processes, and introduce innovative
solutions [1,4]. At the same time, attention is paid to the possibilities of optimizing the use of factors of
production—land/environment, labor, capital, or information—and optimizing the use of resources
such as energy or water.
The aim of I4.0 is to create fully digitalized, networked, intelligent, and decentralized value
creation networks [7]. The main areas of the impact of I4.0 include: competitiveness and business
models [13,23–26]; efficiency and performance [8,27–29]; workforce-related factors [8,30–33]; and
consumer needs [12,22].
2.1. Constraints and Challenges of Industry 4.0 and the Context of Sustainability
Given the global nature of the changes and their magnitude, including the huge differences
between economies, enterprises, and technologies used, it seems justified to relate the constraints and
challenges facing I4.0 to its specific dimensions, i.e., driving forces, areas of application, and impact. The
risks and challenges associated with the absorption of digital solutions by enterprises are diverse. The
most frequently mentioned are the standardization of systems, changes in work organization [34,35],
data security and investment costs, stability of technical infrastructure and sensitivity of its systems,
increased competition, higher investment requirements, difficulties in recruiting qualified personnel,
the adoption of appropriate legal frameworks, and changes in business models [2,22,32].
Generally, I4.0 constraints and challenges can be classified in relation to different areas,
e.g., economic, technological, organizational, ethical, political-legal, and social, and analyzed on
a case-by-case basis [2,7]. Referring to the idea of sustainable development and adopting the Triple
Bottom Line approach (TBL), the factors driving the development of I4.0 should be looked at from
an economic, ecological, and social standpoint [36]. Each dimension represents a necessary, but not
sufficient on its own, condition for achieving sustainability. When organizations do not support
all of these dimensions, they do not act sustainably. This perspective is currently used in many
studies [8,12,36,37]. It also allows for adopting a multi-faceted, diverse view of companies of various
sizes, industry sectors, and the role of the company as a supplier or user of Industry 4.0 [8,36].
The concepts of sustainability as well as I.4.0 have received increasing global attention from the
public, academic, and business sectors. In this context an interesting research area is the impact
of I4.0 implementation on sustainable development. The analysis of the limitations and challenges
that make up the I4.0 capabilities, therefore, becomes an important element of consideration in the
context of sustainability. Economic constraints and challenges will be primarily related to the costs
incurred at a specific stage of implementation and maintenance of I4.0 and to the Return on Investment
(ROI). It is assumed that I4.0, especially, at the implementation phase, requires large investments,
leading to a high implementation barrier [7]. Economic feasibility plays significant role for small
businesses. Another issue may be the difficulty in determining the likelihood of succeeding [7]. Next,
economic concern is the possibility of the loss of a competitive advantage through diminishing business
models [7]. Opinions on the business models issue, however, are divided. On the one hand, business
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models are disappearing; on the other hand, new models are created as a result of database-based
products and services [31]. From an economic point of view, an aspect of value optimization, due to
the transparency of processes and networking [36,38], is also pointed out. Logistics costs can be
reduced due to the transparency of processes [39]. The impact of I4.0 on the increase in efficiency
and flexibility of production processes, and on the quality and individuality of products and services,
is emphasized [1,2].
Difficulties and challenges in technology result from the convergence of many streams/factors
while organizational challenges relate to new forms of work and cooperation [14]. Challenges in the
political and legal area are due to the lack of and/or insufficient regulations.
When referring to the ecological aspects of I4.0, it is believed that the technologies associated with
it have the unique potential to unlock environmentally sustainable manufacturing [36]. It means that
I4.0 can help reduce greenhouse gas emissions by reducing the energy consumption of the industrial
value chain and by improving product life cycle management and recycling processes. The use of
process simulations and smart energy management is needed to achieve the above goals. [7,35]. Bonilla
et al. notes that, real environmental performance requires integrating I4.0 goals with the ecological
ones in an eco-innovation platform [32].
Social sustainability encompasses aspects like job satisfaction, quality of life, social inclusion,
solidarity, equity, and justice in the distribution of goods and services, and equal opportunities in
education. Social constraints stem mostly from people’s mentality and awareness, and from the impact
of new conditions on privacy, including the possibility of losing a job [7]. People’s perception and
attitude towards machines and devices affects the environmental and organizational context. In I4.0,
the specific nature of human interaction with robots and AR forces changes in the working environment
and how the work is performed [40,41]. For example, intelligent assistance systems and adequate
human-machine interfaces can lead to increased employee satisfaction [7,42]. At the same time, the
remote nature of work, communication in a visual environment, and frequent changes of roles and
projects, require a new set of competences on the part of employees, and the ability to adjust methods
of managing the work process, techniques, and tools on the part of employers. In the social dimension,
it is discussed how occupational profiles and working habits will change, how some tasks will fall
to autonomous systems, and how the automation of simple tasks will continue to progress, which
can lead to job losses [43]. There is broad disagreement as to whether I4.0 will lead to an increase
or decrease in jobs. Statements in this context are disparate, and sometimes even contradictory [7].
The social challenges are related to a necessity for additional training and the requalification of the
workforce, especially in routine or simple occupations [44]. Some of the mentioned challenges can lead
to a decreasing acceptance of the existing workforce and impede organizational transformation [7].
The above characteristics contribute to obstacles at the enterprise level, along with other potential
challenges in the production process resulting from outdated technologies and processes, the necessity
of ensuring data security, data ownership issues (due to the increasing importance of digital platform
providers and the blurring of company boundaries in connected value networks transformed into
digital ecosystems), and the protection of industrial secrets [7].
Santos and others distinguish four categories of driving forces of I4.0, which in addition to the
already mentioned organizational and technological factors, also include innovative and operational
factors [19]. The limitations and challenges in the innovation area are related to the development of
new business models and to the creation of innovation networks. Operational factors have to do with
the improvement of operational efficiency. They can also be analyzed in relation to the absorption
phase of digital technologies (implementation, feasibility).
Vermeulen, director of Instrktiv [18] points to six dimensions in which analyses regarding the
implementation of I4.0 should be carried out. These are: (1) Strategy and business model—creating
the right strategy for I4.0; (2) Technology and Systems—using technology to achieve optimal
results; (3) Governance and Risk management—maximizing benefits while avoiding risk; (4)
People—educating and leading employees so they can adapt to the new industrial standard;
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(5) Operational excellence—gaining a competitive edge through technology; and (6) Customer
experience—improving customer experience.
A useful tool in this area of analyses is also the assessment of the so-called enterprise digital
maturity, e.g., Deloitte’s digital maturity model with five core dimensions (Customer, Strategy,
Technology, Operations, Organization, and Culture) [12].
2.2. Research Questions
The literature analysis shows numerous constraints and the challenges of the implementation
phase of I4.0.
The study answers the research question of how SMEs and large manufacturing companies in
the region of Silesia (Poland) perceive the constraints and challenges in the context of transformation
toward I4.0?
More specifically the following research questions (RQ) have been formulated:
RQ1: Which of the perceived constraints of I4.0 implementation are critical?
RQ2: Are there differences in the perception of difficulties at the different stages of development
of I4.0 (implementation phase and subsequent feasibility)?
RQ3: Is it necessary to use all I4.0 pillars to include the company in I4.0?
RQ4: Which technology is the most important from the point of view of I4.0 development?
3. Materials and Method
The aim of the study was to identify the constraints and challenges that arise within the framework
of I4.0. It is assumed that knowledge and beliefs on this subject determine future decisions and
behavior [45].
This study is a pilot study, preceding the main research. The rationale for conducting it is the fact
that I4.0 in Poland is still at a low level of development, and the mechanisms characteristic for this
subject of the study are little known. Hence, it was carried out on a small scale. The selection of the
sample was deliberate and, due to this, not representative. The pilot study reported in this article may
be viewed as a combination of the two types of pilot studies used in social sciences: feasibility studies,
and the pre-testing [46]. The study had the character of the first contact with the examined reality;
we wanted to assess the respondents’ knowledge about I4.0, identify the limitations and challenges
associated with its implementation, as well as check the overall response to the subject matter and
evaluate the research method (determine how to measure I4.0) for future, expanded research. It was
also important to gather information on the studied environment and study population in order to
be able to formulate a proper research plan and tool for the needs of further, expanded research.
This research design is particularly suitable in this context.
To explore the potential constraints and challenges of I4.0, a diagnostic survey method using a
well-structured questionnaire was applied. At the same time, the aim has been to synthesize theory
and practice and to draw attention to the possible improvement of the economic results of enterprises
that may result from I4.0. The study was based on a survey conducted with business practice experts,
who participated in the implementation of the I4.0 practices in their enterprises.
This approach was used for a number of reasons [47,48]. First, survey is a commonly used method
in the areas of social sciences and management [49]. A precise questionnaire is an essential part of
collecting informative details from the concerned respondents in a short amount of time. This is also
helpful in getting the knowledge of past and present actions. An effective questionnaire can be an
objective means of gathering data from people who initiate and introduce changes in organizations
about their knowledge, beliefs, attitudes, and behaviors. Secondly, research questions were constructed
based on the investigators’ current knowledge in the area of I4.0 implementation. Concise objectives
helped determine the critical information needed. Every question was analyzable, interpretable and
provided relevant information. Additionally, questions used previously in similar situations were
included to increase the reliability of the questionnaire.
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The author’s original questionnaire was used in the research. The questionnaire consisted of 9
items regarding the perception of the concept of I4.0, characteristics of I4.0, constraints and challenges
at the implementation stage and the later feasibility stage, and assessments of the improvement of
economic indicators of the enterprise as a result of I4.0. The first 6 were open-ended questions, without
a list of responses to choose from, and the remaining 3 were closed-ended questions with a finite set of
answers. Open-ended questions allowed respondents to give free-form answers, which was important
in the context of complex, new, and evolving phenomena.
The following questions were asked:
1. What best describes I4.0?
2. What features distinguish the 4.0 factory most from other factories?
3. What others do not know about the specifics of implementing I4.0?
4. What are the most interesting technologies that make up I4.0?
5. Which was the biggest constraint/challenge when implementing I4.0 in your enterprises?
6. What were the biggest restrictions in the feasibility stage of I4.0 (later stages of development) in
your enterprise?
7. Do you believe that the implementation of I4.0 gives your enterprise the opportunity to improve
its economic performance?
8. Do you think that piloting I4.0 deployment is important?
9. Do the co-workers know the concept of I.4.0?
The study was conducted in November and December 2019.
The research involved 39 subject matter experts: managers, business owners, and specialists
responsible for the process of implementing innovations in enterprises, including those actively
involved in the creation of I4.0. Respondents come from Upper Silesia—the most industrialized region
in Poland, where the automotive industry is dominant. They were recruited from among MBA students
with an I4.0 focus and from the members of the Industrial Transformation Team at the Ministry of
Development of the Republic of Poland, participating in the New Economy Forum. Among the goals
of the Industrial Transformation Team is to develop initiatives to digitally transform the economy, in
line with the principle of sustainable development, and to put forward specific proposals for action to
digitally develop industry [50].
Distribution of participants was as follows: 15 (38%) represented large companies (over 250
employees), 10 (26%) worked in medium-sized companies (between 250 and 50 employees), 7 (18%)
were employed in small companies (up to 50 employees), and 2 (5%) in micro (less than 9), while 5
respondents (13%) did not provide information on the size of the enterprise in which they worked.
The respondents were mainly representatives of the manufacturing (34%) and service industries
e.g., printing and rail transport (13%), while 9 people (21%) did not provide information about the
company. A total of 31 respondents (79%) were either company owners or managers.
A homogeneous test procedure was adopted. Participants were informed about the purpose of
the research, assured of anonymity and instructed on how to complete the questionnaires. Completing
and submitting the questionnaire indicated agreement to participate in the study.
4. Results
4.1. Perception of the I4.0 Framework
Respondents closely identify the concept of “I4.0” as well as its attributes with modern technologies.
When asked “what best describes I4.0” the vast majority (59%) indicated IoT, slightly more than half
51% pointed to BDA, and 26% mentioned automation and robotization. Some of the respondents
referred to innovation (10%) and about 8% drew attention to the aspect of cooperation between people
and machines. Interestingly, the smallest percentage described I4.0 through Artificial Intelligence.
Figure 1 shows the understanding of the term I4.0.
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Respondents note that knowledge about possible benefits, the mechanism of action,
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is shown in Figure 3.
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According to respondents the most interesting technological solutions for I4.0 were BDA and
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4.5. Constraints and Challen es in the Implementation and Feasibility Stages
Constraints of Implementation. The most frequently mentioned limitations at the implementation
phase of I4.0 are costs (38%), and employee’s attitude to I4.0 and lack of experts (26% of indications
each). Further distractors also include: no return on investment (10%) and the lack of standardization
(5%). Respondents also stress that I4.0 is not the solution suitable for all companies (5%). Further
restrictions also include lack of time, lack of equipment, and lack of technological knowledge (2.5% of
indications each) (Figure 5).
Restrictions in the later stages. During later stages, the first constraint mentioned was automation
(36% of indications) followed by the human factor issue—including both attitudes towards I 4.0 and
issues related to the training of workers (21% of indications each). Other difficulties included habits
and no return on investment (10% of indications each), lack of standardization and problem with IoT
(8% each), and data analysis (5%). Respondents also raised concerns about uncontrolled data leakage
(5%), the possibility of job losses (3%), and difficulties in installing new software (3%) (Figure 6).
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4.6. Impact of Digital Transformation on the Business Ecosystem
To assess beliefs about the positive nature of economic changes in enterprises resulting from the
introduction of the idea of I4.0, the question was formulated as follows: “Evaluate to what extent you
believe that the concept of Industry 4.0 gives the opportunity to improve the economic indicators of the
enterprise.” The task of the respondents was to mark the answer on a 7-point scale, where 1 meant—I
do not believe at all—and 7—I believe very much. In total, 37 people gave the answer, and 2 did not
indicate an answer. The results were analyzed in the SPSS program ver. 26. They are shown in Table 1.
Table 1. Descriptive statistics—frequency.
Indicated Response Frequency Percent
3—To a Small Extent 1 2,6
4—Average 3 7,7
5—To a Relatively Large Extent 10 25,6
6—To a Large Extent 16 41,0
7—To a Very Large Extent 7 17,9
Note: N = 37.
Analysis of the results of the whole group (M = 5.68; SD = 0.973) indicates that respondents to a
large extent show confidence in the fact that concept I4.0 contributes to improving the functioning of
processes, which translates into in reased efficiency and improv d comp titiveness. In total, 16 people
(41%) chose the “to a large extent” nswer. Among the respondents, 10 and 16 people indicated the
answer to a relatively large extent and to large extent, respectively.
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4.7. Importance of the I4.0 Piloting
Pilot projects are often utilized in Industry 4.0. They offer a viable tool of conducting and
analyzing a new way of managing a specific technological process combined with modern technology.
The question about the validity of conducting pilot projects was formulated as follows: “Do you think
that the pilot study on I4.0 implementation is important?”. Respondents were to mark the answer on
a 7-point scale, where 1 meant not relevant, and 7 meant relevant to a very large extent. Results are
shown in Figure 7.
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4.8. Knowledge of the Concept of I4.0 by Co-Workers
A response format to the question “Do your co-workers know the concept of I.4.0?” was,
also, a 7-point scale, where 1 meant “not familiar with”, and 7 meant “familiar to a very large extent”.
A t tal of 39 people responded (Figure 8).
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5. Discussion and Conclusions
This research explores the constraints and challenges that are considered as important for the
implementation and feasibility stage of I4.0 within a sample of manufacturing companies located in the
region of Upper Silesia (Poland). Study participants have been actively involved in the transformation
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of the production processes at the companies they work for. The very consent to the completion of the
survey can be already seen as a sign of their positive attitude toward the concept of I4.0. The results of
the empirical research show a high convergence with the theoretical deliberations.
Respondents had no problem with pinpointing the limitations and challenges of I4.0. With respect
to the RQ1 formulated in the present paper, the overall analysis of the sample indicates that companies
in general consider economic limitations as well social limitations to a higher extent to other limitations
at the implementation stage of I4.0. The main obstacles toward I4.0 transformation are the cost of the
implementation process and employees’ attitudes and the lack of experts. This may be due to general
ignorance of I4.0, fear of changes and their consequences, e.g., loss of job or the need to complete
qualifications [7]. This evidence about economic limitations in the implementation stage of I4.0 is
aligned to the existing literature and studies from other countries [36].
Regarding RQ2, we conclude that during later stages, the first critical constraint is of technical
and organizational character. The economic factor is less important. However, again, the human
factor is one of the major barriers, including both attitudes toward I4.0 and the lack of employee’s
competence. With regard to the differences in the perception of problems at particular implementation
process stages of I4.0, they are visible but they mostly concern the assessment of importance and
mutual shifting of financial, human, and technical factors. In the feasibility stage, the problems with
automation and employees’ attitudes toward completing qualifications (training) are most important.
Findings show that, the main barriers to I4.0 include the lack of a skilled workforce [12], lack of
managerial competences [12], costs or lack of financial resources [12,17], human mentality [12], and
technology adaptation. Literature includes a change of competences and the need to provide training
for employees as additional significant challenges the I4.0 is facing [1,15,16].
Not only did the respondents emphasize the strict link between I4.0 and the technologies, but
they also identified the most important ones and those most used in their companies. They consider
IoT and BDA as the technological basis for I4.0. According to the responses regarding RQ3 and RQ4, a
company does not have to use all technological pillars to be considered an I4.0 company. The most
important technological solutions include BDA, automation, and robotization and IoT. BDA and IoT
are also considered the most interesting ones. Similar conclusions are drawn from other studies and
coincide with the technological point of view that I4.0 is based on IoT and hyperconnectivity. At the
same time, it can be concluded that, in terms of technology, the surveyed companies are prepared for
the challenges of I4.0. A limitation that has been pointed out in this area is that knowledge about
existing technological solutions is not widespread.
It is worth noting that despite the indicated limitations, most of the respondents have a high level
of conviction that the implementation of I4.0 will bring positive economic results and may contribute
to the increase in the competitiveness of enterprises [1].
In the article, the authors examined the opinions of I4.0 experts on the most important barriers
and challenges related to the implementation and feasibility of I4.0 in the companies they represent.
The positive experience of respondents in the area of I4.0 as well as their knowledge of the subject
most probably had an effect on the analysis. Due to the uneven level of development of I4.0 in Poland
and to the fact that this is a relatively new phenomenon, it is difficult to clearly indicate its consequences
at the moment. Implementation of I4.0 offers new opportunities for enterprises, but also requires
using relevant business strategies. When creating the I4.0 development strategy, one should take
into account the constraints and to conduct research on the possibilities, difficulties, and challenges I
4.0 may offer in various aspects, taking into account variables from a wide range of areas, including
those technological, economic, and social. Analysis of the impact on different areas of business and
economy and the identification of opportunities and risks can make it easier for individual entities to
decide whether it is worth going towards I4.0. The development of targeted tools for assessing the
degree of implementation of I4.0 tailored to the requirements of enterprises should include the idea of
sustainable development, which allows for a holistic view of all processes taking place. The results
of the study show some constraints and challenges that arise in the implementation of I4.0 in the
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context of SMEs, and they can be relevant for both industry researchers, practitioners, and managers.
The subject matter is important and reflects current trends and interests in industry and economy.
An additional advantage of the article is its empirical nature. To date, there are not many studies
in this field in Poland. The paper creates a framework for future research in order to analyze the
implementation of I4.0.
The conducted type of research has its limitations, which need to be mentioned. The sample size
was small, which was largely due to the character of the pilot study, the low level of I4.0 development
in Poland, and the difficulty in reaching respondents. Therefore, there was a lack of hard data to
conduct an objective quantitative analysis. The increase in the credibility of the results was achieved
by the deliberate selection of a sample and a careful recruitment of the survey participants to include
individuals directly responsible for the transformation toward I4.0 in their workplace. The study was
limited to only one region in Poland. It is worth mentioning, however, that this is the most industrialized
region with a dominant automotive industry, which encourages the development of I4.0. Further
analysis of barriers and challenges could include a more accurate measurement of the importance of
each factor and the correlations that occur between them. More attention should be paid, in particular,
to the social, organizational, and environmental (ecological) conditions at individual stages of the
implementation and feasibility of I4.0. The study of the impact of I4.0 on sustainable development
should be deepened taking into account the size of enterprises, economic sectors, and industries.
Further research can also concentrate on the level of socio-technical interaction between all the actors
and resources involved in manufacturing, especially those areas where automation and robotics are
particularly effective and where the introduction of I4.0 solutions affects the creation of new jobs and/or
the elimination of previously existing ones. In the latter context, the focus could be on creating the
employee I4.0 competence model and tools for competence profiling.
We are convinced that a carefully organized and managed pilot study has the potential to increase
the quality of the extended research as results from such studies can inform subsequent parts of the
research process.
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